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Introduction
Postpartum	haemorrhage	(PPH)	is	the	leading	cause	of	maternal	deaths	globally,	and	severe	PPH	is	increasing	in	high-income	countries	[1].	In	the	United	Kingdom	(UK)	and	Ireland,	PPH	is	the	second	leading	cause	of	direct
maternal	death	and	the	leading	cause	of	severe	maternal	morbidity	[2,3].	Factors	believed	to	contribute	to	the	severity	and	outcomes	associated	with	PPH	include	failure	to	recognise	the	extent	and	effects	of	haemorrhage	[4].	The
most	recent	report	of	the	UK	and	Ireland	Confidential	Enquiries	into	Maternal	Deaths	and	Morbidity	[3]	highlighted	that	the	women	who	survived	severe	haemorrhage	had	earlier	recognition	and	resolution	of	their	bleeding	than	the
women	who	died.	This	suggests	that	accurate	judgements	about	the	extent	of	blood	loss,	alongside	an	appreciation	of	the	physiological	effects,	are	important	factors	for	influencing	outcomes	in	women	who	experience	haemorrhage.
Visual	estimation	is	described	as	the	universal	method	for	assessing	blood	loss	and	diagnosing	PPH	[5],	particularly	following	vaginal	delivery	[6].	However,	 the	 inaccuracy	of	 the	method	 is	well	documented	[7].	Researchers	have
focused	on	ways	 to	 improve	clinical	skills	 in	visual	estimation	as	a	pre-requisite	 to	more	 timely	PPH	diagnosis,	but	despite	 these	efforts,	delayed	recognition	 is	a	persistent	 theme.	This	chapter	will	explore	current	approaches	 to
assessing	maternal	blood	loss	and	consider	these	in	context	with	psychological	theories	of	decision-making.
Normal	blood	volumes
The	normal	blood	volume	of	a	non-pregnant	adult	is	around	70	millilitres	(ml)	per	kilogram	(kg),	equating	to	almost	5	L	of	blood	in	a	70	kg	adult	[8].	The	48%	increase	in	blood	plasma	volume	during	pregnancy	[9],	along	with
other	physiological	changes	to	the	cardiovascular	system,	means	that	women	can	may	be	able	to	tolerate	losing	up	to	35%	of	their	circulating	blood	volume	before	becoming	symptomatic	[10].	With	around	500	ml	of	maternal	blood
flowing	through	the	placental	bed	each	minute	by	the	end	of	pregnancy	[11],	women	have	the	potential	to	lose	large	volumes	of	blood	rapidly	during	childbirth.	However,	physiological	mechanisms	that	work	simultaneously	during	the
third	stage	of	labour	mean	that	any	blood	loss	associated	with	it	is	usually	of	short	duration,	self-limiting	and,	in	the	majority	of	women,	is	well	tolerated	[5].
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Abstract
Postpartum	haemorrhage	is	a	major	global	cause	of	mortality	and	morbidity	amongst	childbearing	women.	Failure	or	delay	in	recognising	the	severity	of	bleeding	is	an	important	contributory	factor	in	these	outcomes.
Earlier	recognition	of	haemorrhage	would	facilitate	earlier	intervention	and	treatment,	helping	resolve	the	causes	of	bleeding	sooner,	and	thereby	improving	outcomes	for	women.	Ways	to	achieve	earlier	recognition	have
traditionally	focussed	on	the	clinical	skill	of	assessing	the	volume	of	blood	loss.	However,	despite	extensive	research,	the	optimum	method	of	assessing	blood	loss	and	achieving	earlier	diagnosis	remains	unclear.	Examination
of	the	psychological	literature	suggests	that	clinical	decision-making	is	more	complex	and	highlights	some	of	the	reasons	why	traditional	approaches	have	had	a	limited	effect.	Using	psychological	theories	of	decision-making
to	inform	solutions	may	lead	to	more	successful	strategies	to	address	the	issues	than	the	current	focus	on	volume	assessment	of	blood	loss.
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Volume	definitions	of	excessive	blood	loss	and	PPH
The	traditional	volume	threshold	of	blood	loss	used	to	define	primary	PPH	is	‘500	ml	or	more	from	the	genital	tract	within	24	h	of	childbirth’	[12].	In	the	UK,	the	Royal	College	of	Obstetricians	and	Gynaecologists	(RCOG)	[13]
differentiates	primary	PPH	as	minor	(500–1000	ml)	or	major	(more	than	1000	ml);	with	major	PPH	being	further	described	as	moderate	(1001–2000	ml)	and	severe	(more	than	2000	ml).	This	reflects	the	view	that	blood	losses	of	up	to
1000	ml	can	be	tolerated	by	most	women,	with	deterioration	and	tissue	damage	most	likely	to	occur	at	volumes	in	excess	of	1500	ml	[13].	These	thresholds	imply	that	an	accurate	estimation	of	the	volume	of	blood	loss	is	critical	for
identifying	women	at	risk	of	hypovolaemic	shock	and	for	guiding	the	timing	of	interventions	to	prevent	or	minimise	the	physiological	effects	[14].	However,	if	visual	estimation	of	blood	loss	volume	is	imprecise,	predicting	when	tissue
damage	and	irreversible	shock	will	occur	will	be	difficult	to	determine.	Moreover,	if	total	blood	volume	varies	in	relation	to	body	mass	index	[8],	using	arbitrary	volume	thresholds	to	define	and	treat	PPH	may	put	women	at	risk.	The
increased	risk	of	maternal	death	from	haemorrhage	in	women	weighing	less	than	60	kg	has	emphasised	this	problem	[15]	leading	experts	to	suggest	that	a	single	universal	volume	definition	of	PPH	is	neither	safe,	and	possible,	nor
desirable	[16].	Using	different	definitions	for	different	purposes,	such	as	treatment,	audit	and,	research,	may	facilitate	more	informative	evidence	generation	and	synthesis	and	present	more	practical	solutions	for	use	in	practice	[16].
Visual	estimation	of	the	volume	of	blood	loss
In	the	1950s	and	1960s,	a	series	of	studies	[17–21]	used	laboratory	methods	to	determine	average	blood	loss	at	different	types	of	birth.	The	methods	were	useful	for	exploring	individual	variations	of	blood	loss,	establishing	the
time	of	greatest	blood	loss	and	assessing	the	effects	of	oxytocic	drugs.	The	studies	also	established	the	inaccuracy	of	visual,	volume	estimation,	reporting	overestimation	of	 low	volumes	of	blood	loss	and	underestimation	of	 larger
volumes.	Various	studies	have	since	confirmed	that	health	professionals	are	highly	inaccurate	at	estimating	blood	loss	volume,	regardless	of	their	level	of	training	and	experience	[7].
Experts	are	cautious	about	recommending	specific	methods	of	assessing	blood	loss,	because	of	a	lack	of	evidence	of	their	efficacy	[13].	A	recent	Cochrane	review	[22]	confirmed	a	lack	evidence	for	recommending	specific
methods	 for	use	 in	practice	and	suggested	a	need	for	randomised	controlled	trials	 that	correlate	blood	 loss	volumes	with	relevant	clinical	outcomes.	One	of	 the	two	studies	 included	 in	 the	Cochrane	analysis	compared	the	use	of
calibrated	blood	collection	bags	to	visual	estimation	and	evaluated	their	impact	on	the	timing	of	blood	loss-related	interventions	and	incidence	of	severe	PPH	[23].	The	cluster	randomised	controlled	trial	included	25,381	vaginal	births,
in	78	maternity	units,	in	13	European	countries.	Blood	collection	bags	increased	the	accuracy	of	volume	estimates	compared	to	visual	estimation	but	did	not	impact	the	timing	of	PPH	diagnosis,	or	prevent	progression	to	severe	PPH.
The	researchers	concluded	that	‘having	a	more	accurate	assessment	of	blood	loss	is	not	in	itself	sufficient	to	change	behaviours	of	care	givers	and	improve	the	management	of	PPH’	[23]	(p6).	However,	the	behaviour	of	the	clinicians
using	the	blood	collection	bags	was	not	explored,	therefore,	the	reasons	for	these	outcomes	remains	unclear.	Furthermore,	blood	collection	was	usually	discontinued	at	the	end	of	third	stage	management,	once	the	birth	attendant	was
no	longer	concerned	about	blood	loss.	This	means	that	assessing	the	usefulness	of	the	tool	for	calculating	on-going,	insidious	blood	loss,	was	not	evaluated.
Alternatives	methods	of	assessing	blood	loss
Methods	to	determine	a	woman's	physiological	response	to	blood	loss	are	often	advocated	as	adjuncts	or	alternatives	to	volume	assessment	[24,25].	Those	most	commonly	used,	or	being	considered	for	use	in	practice,	will	be
discussed	here.
Early	warning	scores
The	use	of	early	warning	scores	(EWS)	alongside	physiological	monitoring	are	recommended	for	facilitating	earlier	recognition	of	women	with	impending	critical	illness	and	collapse	[24].	Most	maternity	providers	in	the	UK
now	use	modified	obstetric	EWS	tools	[25]	despite	conflicting	views	of	their	efficacy	[26].	EWS	involve	scoring	each	parameter	of	vital	signs	monitoring	(usually	temperature,	pulse,	blood	pressure,	respiratory	rate	and	conscious	level),
with	the	aggregate	score	determining	the	need	for	closer	monitoring,	intervention	and	review.	Although	a	standardised	EWS	system	is	available	for	general	adult	inpatients	in	the	UK	[27],	this	is	not	validated	for	use	with	childbearing
women.
To	validate	the	EWS	exemplar	provided	in	the	UK	confidential	enquiry	report	[24],	Singh	and	colleagues	[28]	tested	the	tool	with	676	patients.	They	found	that	it	had	a	high	sensitivity	(89%)	and	specificity	(79%)	but	a	relatively
low	positive	predictive	value	(39%),	for	detecting	maternal	morbidity.	The	authors	concluded	that	the	chart	was	useful	for	predicting	obstetric	morbidity	and	should	be	used	routinely	in	every	obstetric	unit,	to	facilitate	early	detection
of	acute	illness.	However,	further	work	to	improve	the	positive	predictive	value	of	the	tool	was	also	recommended.
Carle	and	colleagues	[29]	designed	and	validated	an	aggregate	weighted,	obstetric	EWS	which	proved	highly	sensitive	for	discriminating	survivors	from	non-survivors	in	a	critical	care	dataset.	Due	to	the	specific	nature	of	this
population,	the	authors	acknowledged	that	their	work	would	not	readily	translate	to	the	general	maternity	population	and	that	further	work	was	required	to	determine	the	most	sensitive	parameters	for	use	in	this	group	of	women.
Research	to	evaluate	the	role	of	the	tools	for	preventing	maternal	morbidity	is	still	required	[25].
The	effectiveness	of	EWS	tools	 inevitably	depends	on	 the	accuracy	of	measuring,	 recording	and	scoring	 the	physiological	parameters,	calculating	 the	aggregate	score,	and	responding	appropriately	 to	deviations	 from	the
normal	range	[27].	Other	limitations	relate	to	their	acceptability	and	use	in	practice.	An	ethnographic	study	which	explored	this	looked	specifically	at	staff	perceptions	of	the	value	of	EWS	in	managing	maternal	complications	in	the
peri-partum	period	[30].	Staff	valued	the	framework	EWS	provided	for	discussion	and	escalation	of	care	across	hierarchical	and	occupational	boundaries,	promoting	uniformity	of	care	for	acutely	ill	patients.	They	also	appreciated	the
expertise	of	the	critical	care	outreach	teams	whose	staff	provided	an	educational	resource	and	‘an	extra	pair	of	hands’.	However,	there	were	some	reservations	that	EWS	might	inappropriately	medicalise	childbirth.	Both	obstetricians
and	midwives	agreed	that	during	one-to-one	support,	the	midwife	would	be	able	to	identify	changes	in	the	woman's	clinical	condition,	without	an	EWS	chart.	Similarly,	during	postnatal	care,	midwives	often	used	their	professional
judgement	to	give	lower	priority	to	vital	signs	monitoring	than	other	postnatal	activities.	The	authors	concluded	that	selective	use	of	EWS	limited	the	benefits	of	the	tool	and	reduced	its	value	as	a	universal	safety	net	for	detecting
deterioration.	It	has	therefore	been	This	suggestsed	that	these	tools	should	be	seen	as	adjuncts	to	existing	methods	of	identifying	deterioration,	rather	than	failsafe	mechanisms	in	their	own	right	[25].
The	compensatory	mechanisms	of	hypovolaemic	shock
Recognising	 deterioration	 in	 childbearing	 women	 can	 be	 challenging	 due	 to	 maternal	 physiological	 adaptation	 to	 pregnancy	 [13]	 and	 the	 compensatory	 mechanisms	 of	 shock.	 The	 (compensatory),	 negative	 feedback
mechanisms,	work	to	maintain	cardiac	output	and	arterial	blood	pressure,	in	the	early	stages	of	hypovolaemic	shock,	preventing	serious	damage	to	the	tissues	[31].	Understanding	the	pathophysiology	of	the	compensatory	mechanisms,
and	recognising	the	subtle	clinical	signs	and	symptoms	associated	with	their	deployment	(Table	1)	may	be	another	way	of	assessing	blood	loss	and	its	effects	 [31].	Current	biophysical	bedside	testing	devices	have	limited	ability	to
measure	these	subtle	changes,	but	these	could	be	developed	in	the	future.	Another	approach	is	to	use	standard	vital	sign	measurements	but	combine	results	to	amplify	any	changes.	One	example	of	this	is	the	‘shock	index’.
Table	1	Homeostatic	responses	to	shock	–	negative	feedback	mechanisms	that	can	maintain/restore	normal	blood	pressure	during	hypovolaemic	shock	[31].
alt-text:	Table	1
System Activation Response Effect Outcome Clinical	Presentation
Kidneys Reduced	blood	flow
Renin	secretion
initiates	the
renin-
angiotensin-
aldosterone
system.
Vasoconstriction.
Adrenal	cortex
secretes
aldosterone.
Increases	renal
absorption	of
sodium	and
water.
Increased
vascular
resistance	and
blood	volume.
Blood	pressure	is	maintained.
Posterior	pituitary	gland Decreased	bloodpressure
Secretion	of
antidiuretic
hormone.
Enhances	water
reabsorption	by
the	kidneys.
Remaining	blood
volume
conserved.
Vasoconstriction
increases
systemic
vascular
resistance.
Thirst	is	caused	by	loss	of	extracellular	fluid.
Urine	output	reduces.
Aortic	and	carotid
baroreceptors
Decreased	blood
pressure
Sympathetic
responses:
marked
vasoconstriction
of	arterioles	and
veins	of	the
skin,	kidneys
and	other
abdominal
viscera.
Vasoconstriction
of	arterioles
increases
systemic
vascular
resistance.
Constriction	of
the	veins
increases	venous
return.
Adequate	blood
pressure
maintained.
Sympathetic
stimulation
increases	heart
rate.
Cool,	pale	and	clammy	skin	due	to	constriction	of	skin	blood	vessels	and	sympathetic	stimulation
of	sweating.
Nausea	may	be	experienced	due	to	impaired	blood	flow	to	digestive	organs.
Adrenal	medulla Sympathetic	response
Increased
secretion	of
epinephrine	and
norepinephrine.
Vasoconstriction
intensified	and
heart	rate
increases.
Vasoconstriction,
increased	heart
rate	and
contractility.
Blood	pressure	is	maintained.
Resting	heart	rate	increases	but	is	weak.
Increased	local
blood	flow	may
restore	oxygen
Cells Hypoxia
Vasodilators
released
(potassium,
hydrogen,	lactic
acid,	adenosine
and	nitric
oxide).
Dilates	arterioles
and	relaxes	pre-
capillary
sphincters.
levels	in	some
parts	of	the
body.
Vasodilation
decreases
systemic
vascular
resistance,
which	lowers
blood	pressure.
Blood	pH	is	low	(acidosis)	due	to	build-up	of	lactic	acid.
Mental	state	altered	due	to	reduced	oxygen	supply	to	the	brain.
Systolic	blood	pressure	less	than	90	mmHg.
If	blood	volumes	falls	below	a	critical	level,	or	if	the	heart	cannot	sufficiently	restore	blood	pressure,	the	compensatory	mechanisms	will	fail	to	maintain	adequate	blood	flow	to	the	tissues.	At	this	point,	shock	becomes
life-threatening	as	the	damaged	cells	start	to	die.
Shock	index
Several	authors	[5,32,33]	have	examined	the	use	of	the	‘shock	index’	(calculated	by	dividing	heart	rate	by	systolic	blood	pressure)	to	measure	the	physiological	impact	of	blood	loss	in	childbearing	women.	A	systematic	review
[5]	exploring	the	relationship	between	blood	 loss	and	clinical	signs	 in	non-obstetric	populations,	 found	that	 there	was	substantial	variability	 in	 the	relationship	between	physiological	observations	and	blood	 loss,	but	a	statistically
significant	association	between	the	shock	index	and	blood	loss.	Further	research	in	an	obstetric	population	was	recommended.
In	a	retrospective	study,	the	vital	signs	of	233	women,	recorded	in	the	hour	after	recognition	of	PPH	greater	than	1500	ml	[33],	were	used	to	determine	the	predictive	value	of	the	shock	index.	The	authors	reported	that	the
shock	index	compared	favourably	with	conventional	vital	signs	in	predicting	intensive	care	unit	admissions	and	other	morbidity	outcomes.	They	concluded	that	their	study	was	‘the	first	to	evaluate	the	predictive	ability	of	shock	index	in
PPH,	according	to	multiple	clinical	outcomes’	(p271).	However,	because	this	was	a	retrospective	study	which	calculated	the	shock	index	for	women	with	known	major	PPH,	the	claims	relating	to	the	predictive	ability	of	the	shock	index
should	be	viewed	cautiously.
A	more	recent	prospective,	pragmatic,	stepped-wedge	cluster	randomised	controlled	trial	[32],	introduced	a	training	package	and	an	automated	device	for	measuring	blood	pressure	and	pulse	during	routine	maternity	care,
across	Africa,	India	and	Haiti.	The	automated	device	calculated	the	shock	index	and	used	a	traffic	light	system	to	alert	healthcare	providers	of	the	need	to	escalate	care.	There	was	a	significant	reduction	in	one	of	the	primary	outcomes
(emergency	hysterectomy),	but	no	significant	 reduction	 in	eclampsia	or	maternal	death.	Due	 to	 the	significant	differences	between	and	within	 the	clusters,	 the	authors	were	unable	 to	 rule	outdetermine	the	 benefit	 or	 harm	 of	 the
intervention.
Fibrinogen	assessment
In	the	UK,	it	is	recommended	that	women	who	are	actively	bleeding	have	regular	assessment	of	their	fibrinogen	levels	to	ascertain	whether	continued	bleeding	is	the	result	of	disordered	clotting	and	to	guide	the	management
and	replacement	of	blood	and	clotting	factors	[34].	Since	laboratory	testing	is	relatively	slow,	point-of-care	testing,	combined	with	a	locally	agreed	treatment	algorithm,	is	advocated	in	the	maternity	setting	[13,34].	Details	of	the	bedside
clotting	assessments	are	covered	elsewhere	in	this	issue.
Decision-making	during	blood	loss
Many	strategies	introduced	for	assessing	blood	loss	and	to	support	PPH	diagnosis	appear	to	assume	that	decision-making	is	a	linear	process,	with	an	estimation	of	blood	loss	volume	as	the	leading	component	(Fig.	1).	However,
qualitative	research	in	low-resource	settings	raised	questions	about	this	theory	[7,35–37].	The	studies	found	that,	while	quantification	was	used	to	guide	management	of	blood	loss,	initial	reactions	were	more	likely	to	be	responses	to
the	speed	and	nature	of	visible	blood	flow	and	the	physical	condition	of	the	woman.	More	specifically,	‘experience’	was	found	to	be	important	for	informing	perceptions	of	whether	blood	loss	was	‘more	than	usual’	and	for	recognising
the	signs	and	symptoms	of	shock	[38].	A	recent	exploratory,	mixed-methods	study	conducted	in	the	UK	(The	REACT	Study)	[39],	explored	blood	loss	related	decision-making	in	a	high-resource	setting	and	observed	similar	results.	Initial
responses	to	bleeding	largely	involved	an	automatic	reaction	to	the	speed	and	visibility	of	blood	loss.	Volume	estimation	was	generally	used	retrospectively,	after	a	PPH	diagnosis	had	been	made,	to	guide	and	justify	ongoing	decisions.
Other	important	factors	affecting	decision-making	included	the	physical	effects	of	blood	loss	on	the	woman	and	health	professionals'	 level	of	professional	experience.	Considering	these	findings	through	the	lens	of	decision-making
theory	may	provide	a	useful	insight	into	the	decision-making	processes	associated	with	blood	loss	assessment	and	PPH	diagnosis	and	for	informing	the	development	of	strategies	to	support	the	process.
Models	and	theories	of	decision-making
Psychologists	use	three	models	to	study	and	explain	decision-making	[40].	Normative	models	typically	involve	applying	an	equation	or	algorithm	to	a	decision	problem,	usually	in	experimental	conditions.	Prescriptive	models
inform	the	design	of	improvement	interventions,	which	are	often	educational.	Descriptive	models	explain	how	decisions	are	made	in	real-world	settings	and	can	also	help	to	explain	non-adherence	to	normative	models	and	whether
judgements	and	decisions	can	be	improved.
Descriptive	model	–	dual	process	theory
Descriptive	models	are	psychological	 theories	 that	 explain	how	decisions	are	made	 in	 real-world	 settings	and	are	 therefore	useful	 for	 exploring	assessment	of,	 and	decision-making	during,	 childbirth-related	blood	 loss.	A
number	of	descriptive	models	exist,	but	dual	process	theory	is	the	dominant	model	in	decision-making	science	[40]	and	is	suitable	for	exploring	clinical	prognostic	decision-making	[41].	Dual	process	theory	describes	two	processes	of
cognition,	 referred	 to	 as	 System	1	 and	System	2	 [42,43]	 (Table	 2).	While	 the	 two	 systems	 operate	 simultaneously,	 System	1	 is	 considered	 to	 be	 the	 primary,	 default	 system	 of	 decision-making	 [43,44],	 operating	 continuously	 and
automatically,	with	little	or	no	effort	or	voluntary	control.	System	2	is	normally	in	standby	mode,	with	only	a	fraction	of	its	capacity	engaged	[43].
Table	2	The	dual	process	theory	of	reasoning	and	decision-making	[42,43].
alt-text:	Table	2
System	1	(S1)	automatic	primary	(default)	system System	2	(S2)	effortful	activated	when	S1	encounters	a	novel	or	surprise	stimulus
Operates	continuously	and	automatically	with	little	or	no	effort	or	voluntary	control. Normally	in	standby	mode	with	only	a	fraction	of	its	capacity	engaged.
Evolutionary,	innate	capability.	(Cognitive	optimisation	procedures	operate	at	the	sub-personal	level). Normative,	rule-following	rationality.	(Cognitive	optimisation	procedures	operate	at	the	personal	level).
Automatic,	largely	unconscious	processing. Controlled,	methodical	processing	of	problems,	using	analytic,	computational	intelligence.
Relatively	undemanding	of	computational	capacity. Computationally	costly,	logical	mechanisms.
Interactional	intelligence	relating	to	pre-conscious	processes.
Ability	to	model	other	minds	and	read	intention.
Analytic	intelligence	(will	override	the	interactional	intelligence	of	System	1	in	individuals	with	higher
cognitive	ability).
Construction	of	situations	is	highly	contextualised,	personalised	and	socialised. The	more	controlled	processes	decontextualise	and	depersonalise	problems.
Automatic	contextualisation	of	problems. Problems	can	be	dealt	with/without	social	context.	Representation	is	more	in	terms	of	rules	and
underlying	principles.
Biases	inherent	in	this	system	are	universal	and	shared	by	all	humans. System	2	activated	when	System	1	encounters	a	problem,	such	as	a	novel	situation	or	a	surprise
stimulus.
System	1,	automatic	decision-making
Although	there	is	a	dearth	of	research	exploring	decision-making	during	blood	loss,	that	which	is	available	appears	to	suggest	that	System	1	(rapid,	automatic	and	intuitive)	decision-making	is	the	primary	system	used	to	assess
blood	loss	and	diagnose	PPH.	An	important	finding	of	the	REACT	Study	 [39]	was	that	automatic	responses	to	blood	loss	varied	in	sophistication	between	participants.	Women,	birth	partners	and	inexperienced	health	professionals
Fig.	1	Assumed	linear	process	of	PPH	diagnosis.
alt-text:	Fig.	1
described	experiencing	a	simple,	gut-feeling	that	something	was	wrong.	Delayed	recognition	of	PPH	was	often	attributed	to	junior	staff	who	focused	on	one	task	at	a	time,	often	missing	more	subtle	presentations	of	blood	loss.	The	most
experienced	midwives	and	obstetricians	described	 interpreting	a	range	of	subtle	cues	 to	make	automatic,	 intuitive	decisions,	which	 they	believed	were	 informed	by	 their	past	experiences.	Many	pPsychologists	agree	 that	 intuitive
judgements	are	the	result	of	System	1	activity	in	that	they	are	automatic,	arise	effortlessly,	and	often	come	to	mind	without	immediate	justification	[44].	However,	there	are	important	differences	between	the	origins	and	operations	of
intuitive	judgements:	those	that	originate	from	specific	prior	experience	(which	are	usually	highly	skilled	and	accurate)	and	those	that	originate	from	simplifying	heuristics	(mental	shortcuts	or	‘rules	of	thumb’)	[45].	Heuristic-based
decisions	 are	 less	 accurate	 and	 are	 prone	 to	 systematic	 biases	 [44].	 Cioffi	 and	Markham	 [46]	 confirmed	 that	midwives	 used	 heuristics	 to	 simplify	 their	 decision-making	 and	 enable	 a	 rapid	 form	 of	 reasoning	 during	 antepartum
haemorrhage.	Memories	of	past	 cases	were	used	 to	estimate	 the	probability	of	 the	 likelihood	of	 certain	outcomes.	However,	 they	 found	 that	because	heuristics	 reduced	 the	number	of	possible	outcomes	 that	were	considered	by
decision-makers,	the	correct	solution	to	the	clinical	problem	may	have	been	the	one	that	was	ignored.
System	2,	effortful	decision-making
System	2	is	activated	when	System	1	encounters	a	problem,	such	as	a	novel	situation	or	a	surprise	stimulus.	System	2	then	searches	the	memory	for	a	matching	situation	to	help	make	sense	of	the	surprising	event	and	to
support	more	methodical	and	specific	processing	of	the	problem	[43].	The	REACT	Study	[39]	found	that	System	2	decision-making	was	most	often	employed	after	excessive	blood	loss	had	been	recognised,	and	by	inexperienced	staff.
This	type	of	decision-making	was	characterised	by	more	deliberate,	methodical	and	time-consuming	processes,	such	as	weighing	blood	loss	and	recording	physiological	observations,	and	also	included	applying	rules	and	principles	to
the	management	of	on-going	blood	loss.
Expert,	intuitive	decision-making
Research	has	confirmed	the	fundamental	importance	of	experience	in	developing	the	skills	required	for	System	1,	expert,	automatic,	intuitive	decision-making	[47,48].	It	is	suggested	that	different	methods	of	decision-making
will	be	used	at	different	stages	of	professional	development	(Table	3),	with	‘competence’	taking	around	2–3	years	of	postregistration	post-registration	experience	to	develop	[48].	Magnetic	resonance	imaging	scans	of	expert	and	amateur
chess	players	have	confirmed	that	 ‘different	mechanisms	of	brain	processing	and	 functional	brain	organisation’	 are	used	at	different	 levels	of	expertise	 [49].	This	 results	 in	expert	chess	players	automatically	 recognising	complex
patterns	stored	in	their	memory	[50],	enabling	them	to	identify	complex	moves	which	less	experienced	players	do	not	even	consider	[44].
Table	3	Decision-making	skills	and	requirements	at	the	five	stages	of	professional	development	[42–44,47,48,56,60].
alt-text:	Table	3
Novice	to	expert	decision-making	continuum:
Decision-making
characteristics
Stage	1	Novice Stage	2
Advanced
beginner
Stage	3
Competent
Stage	4
Proficient
Stage	5	Expert
Development	of
decision-making	skills
Practical	tasks	are	separated	into	context-free
elements	with	associated	rules.
Develops
understanding
of	the	context
underpinning
rules	and
tasks.
Begins	to
recognise
similarities
from	past
experiences.
Large
numbers	of
cues	can	be
recognised
and	their
importance
and	relevance
determined.
Competence
takes	2–3
years	of
experienced
practice	to
develop.
Recognition
is	through	the
use	of
maxims*,
holistic
perception
and	pattern
matching.
(*the
unintelligible
nuances	in	a
situation)
Intuitive	judgment	develops	from	specific	clinical	experiences	and	skills.
System	of	decision-
making
Novice	follows	rules,	checklists	and	examples	of
best	practice.
Focus	is	on
recognising
similarities
with	past
experiences
and
remembering
Conscious,
deliberate
reasoning	is
used	to
decide	which
rules	to
adopt.
Situations	are
matched	to
brain-stored,
experience-
created,
situations.
A	mismatch
Blend	of	intuition	and	analysis.
Does	not	rely	on	rules.
Able	to	make	subtle	and	refined	discriminations.
and	following
rules.
Mental
shortcuts
(heuristics)
simplify
decision-
making	but
are	prone	to
bias	and
error.
between
current
situation	and
expectation
triggers	a
reassessment
or	new
‘Situation
Awareness.’
Reaction	is
through	rule-
following.
Development Direct	instruction	and	feedback	required. Recognition	of
cues	develops
under
guidance	and
from
experience.
Inability	to
discriminate
importance	of
cues	and
absorb	new
details.
Engagement
with	the
emotional
consequences
of	decisions
strengthens
or	inhibits
perspectives.
Experience	is
needed	to
interpret
situations	and
react
automatically.
Wide	and	varied	experiences	of	situations	and	responses	lead	to	maintenance	and
development	of	decision-making	that	is	automatic	and	subconscious.
Requirements	for
development
Direct	instruction	and	feedback. Support,
experience
and	feedback.
Experience	and	feedback	are	essential	for	learning	and	storing	patterns	and	cues.
Limitations Minimal	understanding	of	context	prevents	use	of
discretionary	judgment.
Rule-following	often	leads	to	poor	performance	in
practice.
Recognition	of
cues	and
associated
rules	requires
considerable
effort,	limiting
the	ability	to
absorb	extra
details	in	new
situations.
Seeking	the
safety	of	rule-
following	may
inhibit
development.
In-service
training	is
often	focused
at	this	level.
When	there	is
no	stored
mental
pattern	or
situations	are
matched	to
the	wrong
pattern,	there
will	be	no
recognition.
May	continue
to	follow
rules	and
maxims.
Overconfidence	bias	and	fixation	error	can	reduce	use	of	analytic	decision-making
by	experts.
Cognitive	pattern-matching
Theis	view	of	intuitive	decision-making	as	‘pattern	recognition’	[50]	informed	the	field	of	‘naturalistic	decision	making’	(NDM),	which	used	the	Critical	Incident	Technique	[51]	to	study	cues	used	by	expert	fire	commanders	to
make	rapid,	intuitive	decisions	in	extreme,	time-pressured	and	life-threatening	situations	[52].	Rather	than	using	time-consuming,	conscious	deliberation	of	alternative	options,	experts	used	a	blend	of	intuition	and	analysis	to	make	fast,
automatic	decisions,	based	on	experience.	Current	situations	were	unconsciously	matched	to	previous	events	that	had	been	compiled,	merged	and	stored	in	the	memory;	with	automatic	selection	of	the	most	plausible	course	of	action
[44].	 Situations	were	 referred	 to	 by	 the	 fire	 commanders	 as	 ‘typical’,	 implying	 that	matching	 to	 a	 prototype,	 or	mentally	 archived	 pattern,	was	 occurring.	New	 situations,	where	 there	was	 no	mental	match,	were	 recognised	 as
anomalous.	This	process,	described	as	‘situational	awareness’,	required	a	high	level	of	perceptual	learning	and	resulted	in	decision-makers	reassessing	the	situation	and	considering	alternative	plans	of	action.	NDM	research	has	been
pivotal	in	advancing	the	field	of	‘human	factors’	[53],	which	improves	performance	by	combining	psychology	and	engineering	to	design	technologies,	processes	and	work	systems	that	improve	efficiency,	safety	and	effectiveness	[54].
Mentally	archived	patterns,	or	prototypes,	used	in	the	assessment	of	blood	loss
Typical	prototype	–	normal	blood	loss
Considering	assessment	of	blood	loss	in	context	with	this	evidence	[52,53],	a	‘typical’	woman	will	have	a	normal	amount	of	blood	loss	and	be	well,	post-delivery.	Most	health	professionals	will	have	witnessed	this	outcome	and
will	therefore	have	a	clearly	stored	mental	pattern	of	this	 ‘typical	(normal	blood	loss)	prototype’	[52].	They	will	use	this	for	unconsciously	comparing	subsequent	blood	losses	to	estimate	the	probability	of	various	outcomes	and	for
determining	appropriate	courses	of	action.
Typical	PPH	prototype	–	rapid,	visible	blood	loss
Health	professionals	are	also	likely	to	have	a	‘typical	PPH	prototype’	stored	in	their	memory.	As	simulated	PPH	training	commonly	focuses	on	rapid,	noticeable	blood	loss,	this	may	be	considered	as	a	‘typical	PPH’,	with	most
health	professionals	able	to	recognise	this	type	of	excessive	blood	loss.
Missed/delayed	diagnosis	of	PPH	–	mismatched	to	typical	(normal	blood	loss)	prototype
One	of	the	difficulties	in	recognising	women	with	compensated,	insidious	or	hidden	blood	loss	(internal	bleeding	or	blood	loss	retained	within	the	uterus	and/or	vagina)	is	that	these	women	may	appear	to	match	the	typical,
normal	blood	loss	prototype.	They	will	often	appear	well	(due	to	the	compensatory	mechanisms)	and	will	appear	to	have	a	normal	blood	loss	(if	bleeding	is	insidious	or	hidden).	In	the	absence	of	diagnostic	tools,	and	where	the	subtle
cues	associated	with	deployment	of	the	compensatory	mechanisms	go	unrecognised,	blood	loss	will	be	regarded	as	‘typical’	and	may	therefore	be	overlooked.	Until	there	is	a	‘mismatch’	or	‘surprise	stimulus’	[52],	such	as	‘faintnessing’
or	‘loss	of	unconsciousness’	[55],	there	will	be	no	new	situational	awareness	to	alert	health	professionals	to	reassess	the	situation.
A	lack	of	training	on	this	type	of	blood	loss	means	that	the	only	way	to	assimilate	the	mental	patterns	necessary	for	automatic	recognition	will	be	through	experience	and	feedback.	Recognition	will	only	occur	when	the	present
situation	can	be	matched	to	previously	archived	patterns.	This	is	because	“we	only	perceive	what	we	know	…	in	a	re-cognition,	or	renewed	cognition	of	an	existing	pattern”	[56](p2).	To	facilitate	pattern	assimilation	of	this	presentation
of	blood	 loss,	 the	environment	must	provide	 regular	and	valid	cues,	and	health	professionals	must	have	 feedback	 to	 learn	 the	 relevance	of	 them	 [44,52,53].	 In	 the	case	of	 rapid	PPH,	 the	 fact	 that	 it	 is	often	obvious	and	 requires
immediate	management,	means	that	feedback	on	this	type	of	blood	loss	is	immediately	available.	However,	feedback	on	cases	of	compensated,	insidious	or	hidden	blood	loss	are	often	ambiguous	(the	women	appears	well)	or	does	not
occur	(because	symptoms	manifest	after	transfer	to	the	postnatal	ward	or	home).	This	means	that	opportunities	for	staff	to	reflect	on	cues	that	may	have	been	present	at	the	time	of	the	original	blood	loss	assessment	will	be	missed.
Another	factor	that	affects	the	retrievability	of	patterns	relates	to	the	salience	of	an	event.	For	example,	witnessing	the	collapse	of	a	woman	following	insidious	and	protracted	blood	loss,	will	give	prominence	to	this	example	in	the
minds	of	 the	health	professionals	who	witnessed	 it	 and	may	mean	 that	 it	 is	perceived	as	a	 rare	and	catastrophic	event.	Giving	salience	 to	 less	 frequently	experienced	presentations	of	blood	 loss,	 through	 training,	education	and
feedback,	may	help	 to	 add	prominence	 to	 such	 events	 and	make	 them	accessible	 during	decision-making.	 Inexperienced	 staff	will	 need	 to	 ‘construct	 instances’	 according	 to	 rules	 learnt	 through	 training	 and	 education.	 In	 these
circumstances,	‘imaginability’	will	be	important	to	their	ability	to	evaluate	the	probability	of	certain	blood	loss	outcomes	[45].	Imaginative	training	and	education	using	real-life	clinical	vignettes	alongside	simulated	scenarios	may	be
one	way	of	achieving	this.
Decision-making	in	other	areas	of	practice
Many	of	the	solutions	introduced	to	address	delays	in	diagnosis	of	PPH	appear	to	have	favoured	normative	models	and	System	2	decision-making.	Some	of	the	difficulties	associated	with	designing,	implementing	and	evaluating
tools	that	support	decision-making	in	practice	were	highlighted	in	a	cluster	randomised	trial	in	the	UK	[57],	in	which	a	decision	tool	to	support	diagnosis	of	active	labour	was	implemented	in	maternity	units.	The	decision	tool	comprised
a	paper-based	algorithm,	which	required	midwives	to	collect	various	items	of	information	which	were	then	used	in	a	structured	way	to	inform	their	judgement	about	the	diagnosis.	The	results	were	described	as	‘both	complex	and
difficult	 to	 interpret’	 with	 the	 tool	 affecting	 individuals,	 and	 their	 work	 processes,	 in	 unpredictable	 ways.	 The	 study	 authors	 suggested	 that	 further	 research	 was	 warranted	 to	 explore	 midwifery	 decision-making,	 based	 on	 an
observation	that	decision-making	often	relied	on	intuition,	or	heuristics.	Other	studies	have	reiterated	and	supported	these	findings.	A	study	exploring	recognition	of	dying	[41]	found	that	decision-making	was	‘time-dependent,	on-going
and	iterative	and	relied	heavily	on	intuition’	(p1).	Similarly,	in	two	studies	exploring	how	vital	signs	were	used	in	practice	to	detect	deterioration	in	hospitalised	patients,	the	main	process	described	by	nurses	was	‘intuitive	knowing’,
with	vital	 signs	being	used	 to	validate	 rather	 than	 inform	 intuitive	 feelings	 [58,59].	Such	 findings	should	be	carefully	considered	when	developing,	 introducing	and	evaluating	 tools	 to	 support	clinical	decision-making	 in	practice.
Initiatives	to	support	PPH	diagnosis	should	also	draw	on	psychological	theories	of	decision-making	and	human	factors	science	to	align	strategies	with	decision-making	methods	commonly	used	in	practice.
Summary
Maternal	mortality	and	morbidity	from	PPH	is	a	persistent	and	growing	problem,	with	delays	in	recognising	and	responding	to	blood	loss	being	important	factors	in	poor	outcomes.	Training	to	address	the	delays	in	diagnosis
has	traditionally	focussed	on	volume	estimation	of	blood	loss	with	solutions,	such	as	early	warning	scores	and	quantification	methods,	based	on	normative	models.	Dual	process	theory	suggests	that	current	solutions	may	either	may	be
focusing	on	the	wrong	problem,	or	are	at	odds	with	how	decision-making	in	the	real-world	of	clinical	practice	actually	occurs.	Health	professionals	appear	to	use	mainly	System	1intuitive,	automatic	processing,	to	assess	blood	loss,
with	System	2,	methodical,	deliberate,	analytical	reasoning,	often	used	once	a	PPH	diagnosis	has	been	made.	As	the	prominent	method	of	decision-making	may	relyrelies	on	a	mental	database	of	blood	loss	patterns,	staff	should	be
supported	to	expand	their	mental	database	to	reduce	the	use	of	error-prone	heuristics.	However,	any	solutions	should	be	evidence-based	and	developed	in	conjunction	with	psychologists;	replicating	methods	used	by	NDM	researchers
who	have	informed	and	developed	the	field	of	human	factors.	The	findings	of	this	review	should	be	considered	alongside	current	efforts	to	address	the	issues	associated	with	blood	loss	assessment	to	address	the	ever	increasing	tide	of
delayed	and	missed	diagnosis	of	PPH.
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